The recently documented presence of almost identical, small, non-self-transmissible, erm(T)-carrying plasmids in clonally unrelated erythromycin-resistant isolates of Streptococcus pyogenes and Streptococcus agalactiae suggests that these plasmids somehow circulate in the streptococcal population. The objective of this study was to characterize the erm(T)-carrying genetic element in a clinical isolate of Streptococcus dysgalactiae subsp. equisimilis (Sde5580) and to provide a possible explanation for the spread of erm(T)-carrying plasmids in streptococci.
Introduction
Macrolide resistance in streptococci is mainly due to methylasemediated target site modification by erm genes or to active efflux by mef genes. The erm genes confer cross-resistance to all macrolide, lincosamide and streptogramin B (MLS B ) antibiotics; they are expressed either constitutively (cMLS B phenotype) or inducibly (iMLS B phenotype) and are usually associated with high-level resistance. The mef genes are associated with a lowlevel resistance pattern involving only 14-and 15-membered macrolides (M phenotype). 1 Aside from mef(A), often carried by bacteriophages, 2 the main streptococcal macrolide resistance genes [erm(B), erm(A) and the other mef alleles] are mainly carried by transposons and integrative and conjugative elements (ICEs). 1,3 -5 ICEs are a diverse group of self-transmissible, mobile genetic elements that reside primarily in the host chromosome, but retain the ability to excise and to transfer by conjugation. 6 ICEs can be loosely subdivided into two major groups, depending on integration specificity, but all contain three distinct modules 6 Genes involved in drug resistance, virulence or niche adaptation are often found interspersed between backbone genes as cargo DNA. 6 The huge number of sequenced ICEs has recently prompted an ICE classification scheme based on the percentage amino acid identity of integrases. 7 The erm(T) gene, sporadically detected in streptococci in the past, 1 has recently been reported in clonally unrelated isolates of Streptococcus pyogenes and Streptococcus agalactiae. 8, 9 Remarkably, in both species it was always located on closely related, broad-host-range, small plasmids. 8, 9 This generated the hypothesis that, albeit non-self-transmissible, erm(T)-carrying plasmids can move in the streptococcal population by horizontal gene transfer. 9 The present investigation of a similar erm(T)-carrying plasmid from a clinical isolate of Streptococcus dysgalactiae subsp. equisimilis, 10 an emerging pathogen closely related to S. pyogenes,
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may help explain the spread of such plasmids in the streptococcal population. Our erm(T)-carrying plasmid was found to be transferable at high frequency by conjugation to major streptococcal pathogens through in trans mobilization by a coresident ICE belonging to the ICESa2603 family.
Materials and methods

Bacterial strains
The S. dysgalactiae subsp. equisimilis strain, designated Sde5580, comes from a recent Italian survey: it was isolated from the lungs of a patient and found to be highly resistant to erythromycin [MIC, .256 mg/L; iMLS B ; genotype erm(T)].
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Antimicrobials and susceptibility tests
Erythromycin was purchased from Sigma Chemical Co., St Louis, MO, USA. MICs were determined by a standard broth microdilution method. 12 Susceptibility to cadmium sulphate (BDH Laboratory Supplies, Poole, UK) was determined by a spectrophotometric assay, as described by Massidda et al. 13 
Genetic techniques
DNA preparation and amplification and electrophoresis of PCR products were carried out by established procedures and following the conditions reported for the use of the individual primer pairs. The Ex Taq system (TaKaRa Bio, Shiga, Japan) was used when the expected PCR products exceeded 3 kb in size. The ICE genetic organization was investigated by PCR-restriction fragment length polymorphism (RFLP) analysis using HindIII endonuclease (Roche Applied Science, Basel, Switzerland). The primer pairs used for the PCR-RFLP analysis were as follows: A,
′ . Plasmid sequencing was carried out using ABI Prism (Perkin-Elmer Applied Biosystems, Foster City, CA, USA) with dye-labelled terminators. Sequences were analysed using the Sequence Navigator software package (Perkin-Elmer). Open reading frames (ORFs) were predicted using ORF Finder software (http://ncbi.nlm.nih.gov/gorf/gorf.html).
Sequence similarity searches were carried out using BLAST (http://blast. ncbi.nlm.nih.gov/Blast.cgi).
Macrorestriction with SmaI endonuclease (Roche) and PFGE analysis were as described previously. 14 
Transfer and retransfer experiments
Three rifampicin-and fusidic acid-resistant (RF) derivatives of erythromycinsusceptible strains of different streptococcal species were used as recipients in transfer experiments with Sde5580 as the donor: S. pyogenes 12RF, 15 S. agalactiae 1357RF 16 and Streptococcus suis v36RF. 17 Retransfer experiments were performed using a streptomycin-and nalidixic acid-resistant (SN) derivative of S. pyogenes 12RF (12RF-SN) as the recipient.
Matings were performed on a membrane filter and selection was carried out in the presence of suitable drug concentrations: cadmium (100 mg/L), erythromycin (10 mg/L), fusidic acid (10 mg/L), nalidixic acid (10 mg/L), rifampicin (10 mg/L) and streptomycin (500 mg/L). 16 The frequency of transfer was expressed as the number of transconjugants per recipient. Transfer experiments were performed a minimum of three times. Replica plating of transconjugants was carried out on blood agar base supplemented with 5% sheep blood, containing the appropriate drug concentrations.
Nucleotide sequence accession numbers
The nucleotide sequence of p5580 was submitted to the GenBank/EMBL sequence database and assigned accession number HE862394.
Results and discussion
Evidence of a small erm(T)-carrying plasmid transferable by conjugation to other streptococci Plasmid analysis, PCR experiments using divergent primers from the internal part of the erm(T) gene (TRdiv, 5
′ -AGGATCTA TTTCAATGGCGG-3 ′ ; TFdiv, 5 ′ -TCCAAAAACCAATTTTATCAAGC-3 ′ ) and sequence analysis revealed the presence of a small (4950 bp; G+ C content, 37.3%) erm(T)-carrying plasmid in Sde5580 (Figure 1a ). This plasmid, designated p5580, was almost identical to the non-self-transmissible erm(T)-carrying plasmids of S. pyogenes and S. agalactiae mentioned above; in particular, the highest BLASTN score was for plasmid pGB2001 of S. agalactiae (.99% identity).
In mating experiments conducted by selection in the presence of erythromycin, Sde5580 was able to transfer p5580 at high frequency to the RF recipients of all three species (S. pyogenes, S. agalactiae and S. suis) ( Table 1 ). The transconjugants exhibited the same erythromycin phenotype as the donor (iMLS B ; MIC, .256 mg/L). Ten randomly chosen transconjugants from each mating were selected for further experiments. SmaI restriction analysis and PFGE disclosed an 60 kb DNA genome insertion in about half of the p5580-carrying transconjugants from each mating (PFGE type A); the restriction profile of the remaining transconjugants (PFGE type B) was indistinguishable from that of the corresponding recipients (Table 1) . Remarkably, only type A transconjugants were able to retransfer (at high frequency) p5580 to S. pyogenes 12RF-SN (Table 1) . These results strongly suggest the association of the 60 kb DNA insertion and the conjugative transfer of p5580.
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Evidence of a coresident ICE of the ICESa2603 family capable of mobilizing p5580 in trans
In type A transconjugants, the 60 kb DNA insertion was detected in the same PFGE bands as S. suis ICESsu32457, an ICE recently characterized by our group using the same recipients that we found to belong to the ICESa2603 family 7 and to target the 50S ribosomal gene L7/L12 (rplL). 16 This prompted us to search for an ICE in Sde5580. An integrase gene, 99% identical to that of ICESsu32457, was detected in Sde5580 and in type A, but not type B, transconjugants. The presence of an 63 kb ICE of the ICESa2603 family integrated immediately downstream of the rplL gene was confirmed in Sde5580 and in type A transconjugants by PCR mapping using primers internal to the backbone conserved regions of streptococcal ICEs. HindIII RFLP analysis showed the ICE to have the same genetic organization and to contain the same cargo region (including the cadC/cadA cassette) as ICESde3396, the first ICE described in S. dysgalactiae subsp. equisimilis (Figure 1b) . 18 The ICE of Sde5580 was thus named ICESde3396-like. Consistent with the presence of cadmium resistance genes in ICESde3396-like, the PFGE type A transconjugants exhibited 8-16-fold higher cadmium MICs than type B transconjugants (Table 1) .
In further mating experiments, conducted by selecting for cadmium, Sde5580 was able to transfer cadC/cadA and Mobilization of an erm(T)-carrying plasmid by a coresident ICE 25 JAC cadmium resistance at high frequency to the RF recipients of all three species. SmaI-PFGE analysis revealed the 60 kb DNA insertion in the genome of all cadmium-resistant transconjugants (PFGE type A). Remarkably, about half of the cadmium-resistant transconjugants also acquired p5580 and were able to retransfer this plasmid (Table 1) .
Overall, our findings demonstrate that strain Sde5580 contains two resistance genetic elements: a small erm(T)-carrying plasmid and a cadC/cadA-carrying ICE. Transfer of p5580 to other streptococci occurred only when ICESde3396-like was also present in the donor strain(s). Once this condition was fulfilled, p5580 was able to move to the recipients either together with ICESde3396-like or alone. This indicates that, although p5580 requires some trans-acting functions of ICESde3396-like for its transfer, co-transfer of the ICE is not essential. Remarkably, the fact that p5580 was able to be transferred alone suggests a novel mechanism of in trans mobilization, where the ICE mediates the transfer without leaving a trace.
Conclusions
We demonstrated that an S. dysgalactiae subsp. equisimilis erm(T)-carrying plasmid almost identical to the non-selftransmissible erm(T)-carrying plasmids detected in clonally unrelated S. pyogenes and S. agalactiae strains 8, 9 was mobilized in trans at high frequency to other streptococcal pathogens by a coresident ICE of the ICESa2603 family. We suggest that in trans mobilization is a potential mechanism for the spread of erm(T)-carrying plasmids in the streptococcal population.
Remarkably, members of the ICESa2603 family, one of the most successful streptococcal ICE families, have recently been found to play a major role in the dissemination of resistance genes by acquiring such genes as cargo DNA. 4, 5, 19 Our findings show that ICEs of the ICESa2603 family can also contribute indirectly, i.e. through mobilization of non-self-transmissible resistance plasmids.
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